Drug Delivery Systems (DDS) are frequently operating in a surrounding liquid environment, such as blood in the case of drug-eluting stents or perilymph in the case of cochlear implants. However, there is also a demand for systems with sustained drug release in predominantly dry environments, mostly consisting of ambient air. Examples are the treatment of diseases located in the middle ear or the paranasal sinuses. On the one hand, due to the lack of transportation media, the functionality of a polymer/drug combination for delayed release would be limited in such environments. On the other hand, these environments are generally equipped with mucus membranes. Hence, a somewhat humid surrounding is ensured.
In this study, a concept of a hydrogel equipped DDS for drug delivery through the round window membrane is presented, addressing two objectives. First objective is to ensure the drug transport by serving as a diffusion channel. For instance the route to the drug target destination, the round window membrane, can be provided by a hydrogel. The second objective is to ensure the adhesion to the membrane. Two promising approaches are presented in this study: The photo induced immobilisation of PEGDA700, as well as the immobilisation of chitosan on poly(l-lactid) (PLLA). For both approaches PLLA specimen had to be modified with oxygen plasma followed by activation for crosslinking with subsequent immobilisation of the hydrogel. With these methods a layer thickness of at least 5 µm was achieved. All steps were characterized with contact angle measurements. After the immobilization of the hydrogel, the swelling factor, as well as the layer thickness was examined.
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Introduction
Drug Delivery Systems are frequently used for the local application of drugs. Generally, they are operating in a liquid environment, such as the blood stream (e.g. drug-eluting stents) or perilymph in the case of cochlear implants [1, 2] . For implants in the cochlea the perilymph may serve as a transportation medium, delivering for instance growth factors to the spiral ganglion cells and, hence, ensuring the efficacy of the DDS [3] .
In the case of drug eluting stents, the treatment against the ingrowth of smooth muscle cells into the vessel lumen is ensured by the drug amount applied abluminally on the stent. The drug luminally applied is exposed to the blood stream and mostly lost for treatment [1] .
However, there is also a demand for systems ensuring a sustained drug release in predominantly dry environments, mostly consisting of ambient air, especially for the treatment of diseases located in the middle ear or the paranasal sinuses. The application of a drug for the treatment of acute hearing loss or sinusitis via DDS remains is challenging due to the lack of transportation media. A common approach is the temporary implantation of catheters to the round window membrane, which is, however, often accompanied by common side effects of implantation [4] . Nonetheless, these environments are generally equipped with mucus membranes.
Figure 1:
Concept of a DDS for the round window membrane. The DDS is separated into the drug loaded polymer matrix (green) and the hydrogel (blue) ensuring the contact to the membrane (light green). The surrounding cochlea bone structure is represented in grey, the air filled environment in white.
Such humid surrounding may enable hydrogels to swell, so that these hydrogels can consequently serve as drug diffusion channels. In this study the concept of a hydrogel equipped DDS for drug delivery through the round window ______ *Corresponding author: Thomas Eickner: Institute for Biomedical Engineering, University Medical Center Rostock, Rostock, Germany, thomas.eickner@uni-rostock.de Stefanie Kohse, Sabine Illner, Stefan Oschatz, Michael Teske, Natalia Rekowska, Volkmar Senz, Klaus-Peter Schmitz and Niels Grabow Institute for Biomedical Engineering, University Medical Center Rostock, Rostock, Germany, membrane is presented ( Figure 1 ). Therefore, the photo induced polymerization of PEGDA700 is used for preparation and immobilization prior to the studies of the swelling behaviour, as well as of the drug diffusion properties.
Another approach is the immobilization of chitosan on poly(L-lactid) (PLLA) via dipcoating demonstrating the possibility of reaching thin hydrogel layers on PLLA nonwovens. For both approaches PLLA specimens were modified with oxygen plasma followed by activation for crosslinking with subsequent immobilisation of the hydrogel.
Materials and methods

Sample preparation
A polymer solution of 2 wt% poly(L-lactid) (PLLA) (RESOMER L210, Mw ∼400.000 g/mol, Evonik, Germany) in chloroform was used for fabrication of films. All specimens were rinsed for two days with methanol (Carl Roth GmbH, Germany), two days with distilled water and dried under reduced pressure for additional two weeks. All chemicals were purchased from Sigma-Aldrich (Merck, Germany) unless stated otherwise and were of analytical grade and used as received. Sample geometry was chosen to be circular specimens with a diameter of 6 mm. PLLA films were modified by O2-plasma treatment with 40 W generator power for 30 s at 0.3 mbar pressure. For PEGDA700 coating plasma modified PLLA discs were silanized with (Trimethoxysilyl)propylmethacrylat in dry ethanol at 50°C overnight. PEGDA700 (Mw ∼ 700 g/mol) was mixed with Irgacure c = 500 mg/mL in DMSO in a ratio of 1950 µL:50 µL. About 50 µl of the mixture were pipetted onto each PLLA disc and polymerized for 30 min in the UV chamber CL-1000L (UVP, USA) at λ = 365 nm. Resulting PLLA-PEGDA700 samples were used for gravimetric studies. Macroscopic thickness was chosen for studies of swelling behaviour and gravimetric water uptake. Polymerized specimens were used without further processing. Chitosan coating was performed via a dipcoating procedure of in house manufactured PLLA nonwovens to demonstrate the possibility to yield microscopic hydrogel coating thickness. Nonwovens were chosen instead of films for a better distinction in optical microscopy. Chitosan was dissolved in 0.1 N HCl to a final concentration of 2 mg/mL. The plasma modified PLLA nonwovens were dipped twice for 3 s each into the chitosan solution. After each dipping step the sample was dried for 6 min. Afterwards the specimens were lyophilized.
Contact angle measurement
The surface hydrophilicity was analysed by contact angle measurements of sessile drops (ultrapure water) using a contact angle system (OCA 20, Dataphysics Instruments GmbH, Germany) according to [5] .
Swelling test and coating thicknesses
For testing the swelling behaviour the coating thickness of the PLLA-PEGDA700 specimens were examined with a micrometer Mitutoyo Absolute (Mitutoyo, China). Gravimetric measurements were performed with a KERN 700 balance. Afterwards, the specimens were stored in 2 ml water overnight. The excess water was decanted from the swollen specimens, and the coating thickness, as well as the masses, were measured again. Determination of coating thickness of chitosan coated samples was done at different areas by the means of optical microscopy on a Olympus BX53M (Olympus, Japan). Prior to the measurements the samples were embedded in epoxy resin (EpoThin, Buehler, Germany), grinded and polished to obtain longitudinal microsections.
Results and discussion
The contact angles after each processing step of the PEGDA700 coating reveal the expected change of hydrophilicity (Table 1 ). Before processing the PLLA discs the contact angle represents 95.1° indicating a hydrophobic surface. After the O2-plasma treatment, during which hydrophilic groups have been generated on the surface, the hydrophilicity increases, indicated by a decreasing contact angle (63.8°). Silanization transforms the surface into a more hydrophobic one resulting in an increase of the contact angle (73.3°). The application of the hydrogel PEGDA leads to suction of the water, hence the contact angle was not measurable (Table 1 ).
Swelling behaviour
After immersion of the PLLA-PEGDA700 samples in water overnight the mass change indicated the water uptake and the coating thickness were measured showing an increase in both properties ( Table 2 ). The water uptake led to an increase in mass by about 33.6% whereas the coating thickness increased about 20% to a final value of 1.2 mm. During swelling the PEGDA700 coatings separated from the PLLA discs due to the swelling occurring parallel to the PLLA disc surface. 
Coating thickness and morphology
The coating thickness of chitosan coatings on PLLA nonwovens is shown in Figure 2 . The chitosan layer appeared as a transparent coating, whereas PLLA nonwoven is appearing as a shaded region. The coating thickness measurements result in a value of 14.9 µm ± 3.2 µm. Hence, reaching a thin chitosan coating is possible for PLLA nonwovens.
Conclusion
In this study two hydrogel materials were tested as potential diffusion bridges for drug delivery systems in predominantly dry environments, mostly consisting of ambient air. It was shown that a swellable PEGDA700 coating can be achieved. Furthermore, a proof of principle for achieving thin coatings was presented in the case of chitosan. The necessity of a thin coating is indicated, because the macroscopic dimensions of the PEGDA700 coatings led to the separation from the PLLA discs during swelling. A further approach to prevent this may be the use of water/PEGDA700 mixtures for preparing the diffusion bridge. These mixtures will exhibit higher ductility and therefore the occurring force during swelling may be decreased to a level in which separation is prevented.
In future studies drug diffusion properties of chitosan and PEGDA700 specimen will be revealed and the function of diffusion bridges on drug loaded PLLA samples will be examined. Figure 2 : Micrograph of a PLLA nonwoven coated with chitosan. The chitosan coating is appearing as a transparent coating at the bottom of the PLLA nonwoven that itself is appearing as a shaded specimen. The coating thickness indicated by the red bars is determined at twelve points (number of shown points is reduced to four for the sake of clarity). The coating thickness at each point is given.
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